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Description 

The invention relates to a scandate cathode having 
a cathode body which comprises a matrix of at least a 
high-melting point metal and/or alloy with a barium com- 
pound at least in the matrix in contact with the matrix ma- 
terial, which compound can supply barium on the emis- 
sive surface by a chemical reaction with the matrix ma- 
terial. 

The invention also relates to methods of manufac- 
turing such a cathode and to an electron beam tube pro- 
vided with such a cathode. 

Cathodes of the type mentioned in the opening par- 
agraph are described in the Article B Properties and man- 
ufacture of top-layer scandate cathodes", Applied Sur- 
face Science 26 (1 986) pages 1 73-1 95, J. Hasker, J. van 
Esdonk and J.E.Crombeen. In the cathodes described 
in this Article scandium oxide (SC2O3) grains of several 
microns or tungsten (W) grains which are partially coated 
with either scandium (Sc) or scandium hydride (ScH 2 ) 
are processed at least in the top layer of the cathode 
body. The cathode body is manufactured by means of 
pressing and sintering, whereafter the pores are impreg- 
nated with barium-calcium-aluminate. In order to main- 
tain the electron emission, the barium-calcium-alumi- 
nate supplies barium on the emissive surface by a chem- 
ical reaction with the tungsten of the matrix during oper- 
ation of the cathode. To be able to realise a very high 
cathode load after mounting in, for example, a cathode 
ray tube and activation of the cathode, it is important that 
a scandium-containing layer having a thickness of one 
monolayer has formed on the cathode surface during im- 
pregnation by means of a reaction with the impregnating 
agent. As has been proved in experiments described in 
the above-mentioned Article, the scandium-containing 
layer may be removed completely or partly by an ion 
bombardment which may occur in practice, for example 
during the manufacture of television tubes, which leads 
to detrimental consequences for the electron emission. 
Since Sc 2 0 3 is not very mobile (oxidation occurs during 
impregnation in the cathodes manufactured with W 
which is partly coated with Sc or ScH 2 ), said scan- 
dium-containing layer cannot be fully regenerated by re- 
activation of the cathode. The described experiments 
have also proved that a regeneration, which is efficient 
for a complete recovery of the emission, is not achieved. 
As compared with an impregnated tungsten cathode 
coated or not coated with, for example osmium-rhute- 
nium or irridium, this may be considered as a drawback. 

One of the objects of the invention is to provide scan- 
date cathodes which are considerably improved in com- 
parison with the above-mentioned drawback. The inven- 
tion is based on the recognition that this can be achieved 
by making use of the segregation of scandium or a scan- 
dium-containing compound. 

To this end a scandate cathode according to the in- 
vention is characterized in that at least the top layer of 
the cathode body comprises at least one oxidic phase 
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which comprises at least barium, scandium, calcium and 
aluminium as composite elements. The oxidic phase is 
preferably non-stoichiometric with an oxygen deficiency. 
Within the context of the application "phase* is to be 

s understood to have the meaning as defined on page 7 
of the handbook "Phase diagrams for Ceramists" i.e. to 
mean "A portion of a system (in this case the cathode 
body) which is physically homogeneous within itself and 
bounded by a surface so that it is mechanically separable 

10 from any other portion (of the cathode body)". 

When raising the temperature in vacuo, a monolayer 
comprising scandium is deposited on the surface of the 
top layer because scandium (or the scandium-containing 
compound) segregates from the said oxidic phase. The 

15 segregation is presumably promoted by the lower stabil- 
ity of such oxidic phases with respect to, for example 
scandium oxide. Due to the segregation the supply of 
scandium is maintained, even if the scandium of the 
monolayer is lost by, for example an ion bombardment. 

20 Said segregation is even more promoted by an oxygen 
deficiency in the oxidic phase. 

In a preferred embodiment the oxidic phase com- 
prises 35-70% by weight of barium. 

The quantity of scandium in said oxidic phase is pref- 

25 erably between 5 and 40 % by weight. 

At these percentages a high emission (> 1 00 A/cm 2 ) 
was achieved, in a cathode with oxidic barium-calci- 
um-scandium-aluminium phases, while there were good 
recovery properties after an ion bombardment. 

30 The scandate cathode may be of the impregnated 
type in which the barium compound is introduced into the 
cathode body by means of impregnation, but alternative- 
ly the cathode may be a pressed scandate cathode or 
an L-cathode. 

35 Oxidic phases may be produced in different man- 
ners, dependent on the selected manufacturing method. 

A first method of manufacturing an impregnated 
cathode according to the invention is characterized in 
that a matrix is pressed from scandium powder or a scan- 

40 dium hydride powder and a powder of the high-melting 
point metal (for example, tungsten), whereafter the scan- 
dium (hydride) powder is partly oxidised, if necessary, 
and the assembly is subsequently sintered and impreg- 
nated with a barium-calcium-aluminate. The scandium 

45 may be obtained by dehydration of scandium hydride. 
The above-mentioned oxidic phases are produced dur- 
ing impregnation because the scandium oxide and scan- 
dium which may be still present reacts with the impreg- 
nating agent. 

50 in accordance with a further aspect of the invention 
scandium nitride instead of scandium may be chosen as 
a starting material. Before sintering and impregnation, a 
matrix is pressed from the high-melting point material 
and scandium nitride. Because of its greater stability, 

55 scandium nitride is better resistant to high sintering tem- 
peratures than scandium and scandium hydride. The 
scandium nitride nevertheless reacts with the impregnat- 
ing agent in such a way that oxidic phases (with an ox- 
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ygen deficiency) can be produced during impregnation. 

In the case of sintering at high temperatures scan- 
dium is lost by evaporation. To avoid this as much as 
possible, the sintering operation is preferably performed 
in hydrogen (approximately 1 atmosphere) at tempera- 
tures up to approximately 1 500° C. 

In so-called mixed-matrix cathodes, in which the 
scandium is present throughout the matrix, the quantity 
of absorbed impregnating agent depends on the quanti- 
ties of scandium, scandium hydride, scandium nitride 
and/or oxidic phases. 

Another method is characterized in that the cathode 
is obtained by mixing, pressing and subsequent sintering 
of powders of a high-melting point metal and/or alloy and 
scandium or scandium nitride or scandium hydride, or 
scandium or scandium hydride coated with on oxide film, 
or a powder of the oxidic phase, together with an oxide 
film, or a powder of the oxidic phase, together with the 
impregnating agent powder. 

A simpler method is characterized in that the cath- 
ode is obtained by mixing, pressing and subsequent sin- 
tering of powders of a high-melting point metal and/or 
alloy together with the powder of one or more oxidic 
phases comprising barium and scandium. In these meth- 
ods the sintering temperature is the highest temperature 
ever acquired by the cathode body. This temperature 
may be substantially lower than the impregnation tem- 
perature which is conventionally used in the methods de- 
scribed hereinbefore. 

The invention will now be described in greater detail 
with reference to the accompanying drawing in which 

Fig. 1 shows diagrammatically a cathode according 
to the invention. 

Fig. 1 is a longitudinal section of a scandate cathode 
according to the invention. The cathode body 1 1 with an 
emissive surface 21 and a diameter of, for example 1.8 
mm is obtained by pressing a matrix from W powder and 
a powder of scandium hydride (approximately 0.7 % by 
weight) or scandium, heating for a number of hours in 
wet argon at approximately 800°C and sintering at 
1500°C in, for example a hydrogen atmosphere. The 
thickness of the matrix is then approximately 0.5 mm. 
The matrix was subsequently impregnated with bari- 
um-calcium-aluminate (for example, 4 BaO - 1 CaO - 1 
Al 2 0 3 ). 

During impregnation the impregnating agent reacts 
with the scandium oxide formed during sintering or with 
the scandium which is still present to form an oxidic 
phase (Ba-Ca-AIScO) which can supply scandium dur- 
ing operation of the cathode. EPMA measurements 
(Electron Probe Micro Analysis) showed the following 
oxidic phases: Ba 20 5 Ca2 Al n Sc 10 - Ba 15 Ca 3 Al 3 
Sc 21 054 - Ba^ Ca4 Al Sc 2 5 054 (both with and without 
an oxygen deficiency). 

The cathode body which is thus obtained and which 
may or may not have an envelope 31 is welded onto the 
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cathode shaft 41. A helical cathode filament 51 which 
may comprise a metal helically wound core 61 with an 
aluminium oxide insulation layer 71 is present in the shaft 
41. The emission of such a cathode, after mounting and 
s activation, is measured in a diode arranged at a pulse 
load and a cathode temperature of 950°C (brightness 
temperature). This emission was more than 100 A/cm 2 . 

In another example the starting material was a tung- 
sten powder and a powder of scandium nitride (approx- 
10 imately 1 % by weight) followed by pressing and sintering 
at approximately 1500°C in, for example, a hydrogen at- 
mosphere. During impregnation with a barium-calci- 
um-aluminate an oxidic phase was produced from the 
reaction of the impregnating agent with the nitride. De- 
'5 pendent on the manufacturing method and the starting 
materials, the composition of such an oxidic phase may 
differ and may comprise, for example, 35-70 % by weight 
of barium and 5-40 % by weight of scandium. In the rel- 
evant example the oxidic phases had similar composi- 
te tions as in the previous example. 

Measured in a diode arrangement at a pulse load 
and a cathode temperature of 950°C (brightness tem- 
perature), the emission of such cathodes was more than 
100 A/cm 2 . 

25 in yet another cathode according to the invention the 
cathode body 11 having a diameter of 1.8 mm and a 
thickness of approximately 0.5 mm is obtained by press- 
ing a mixture of tungsten powder comprising approxi- 
mately 5 % by weight of an oxidic phase and by subse- 

30 quently sintering at 1500°C in a hydrogen atmosphere 
for 1 hour. 

Ba^.g Ca 2 Al in Sc 10 054 - Ba 15 Ca 3 Al 3 Sc 21 054 - 
Ba^ Ca4 Al SC25 0 54 were used as oxidic phases, while 
at least one of the oxidic phases in the mixture had an 

35 oxygen deficiency. 

The cathode bodies were mounted in the same way 
again as described hereinbefore (after impregnation). 
The emission, measured in the same way, was again 
more than 100 A/cm 2 . 

40 Moreover, to obtain a comparable emission, subse- 
quent impregnation turned out to be unnecessary if ap- 
proximately 10 % by weight of oxidic phases were used. 

A pressed cathode having similar emission proper- 
ties may alternatively be obtained by mixing, pressing 

45 and subsequent sintering of powders of a high-melting 
point metal and/or alloy and scandium, scandium hy- 
dride or scandium nitride or a powder of the oxidic phase, 
together with the impregnating agent powder. 

50 

Claims 

1. A scandate cathode having a cathode body (11) 
which comprises a matrix of at least a high-melting 
55 point metal and/or alloy with a barium compound at 
least in the matrix in contact with the matrix material, 
which compound can supply barium on the emissive 
surface (21) by a chemical reaction with the matrix 
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material, characterized in that at least the top layer 
of the cathode body comprises at least one oxidic 
phase (Ba-Ca-AIScO) which comprises at least bar- 
ium, scandium, calcium and aluminium as compos- 
ite elements. 

2. A scandate cathode as claimed in claim 1 , charac- 
terized in that the oxidic phase is non-stoichiometric 
with an oxygen deficiency. 

3. A scandate cathode as claimed in claim 1 or 2, char- 
acterized in that the oxidic phase comprises 35-75 
% by weight of barium. 

4. A scandate cathode as claimed in claim 1 , 2 or 3, 
characterized in that the oxidic phase comprises 
5-40% by weight of scandium. 

5. A scandate cathode as claimed in any of the claims 
1 to 4 characterized in that the barium compound is 
introduced into the cathode body by means of 
impregnation. 

6. A method of manufacturing a scandate cathode hav- 
ing a cathode body (1 1 ) which comprises a matrix of 
at least a high-melting point metal and/or alloy with 
a barium compound at least in the matrix in contact 
with the matrix material, which compound can sup- 
ply barium on the emissive surface (21) by a chem- 
ical reaction with the matrix material, at least the top 
layer of the cathode body comprising at least one 
oxidic phase which comprises at least barium, scan- 
dium, calcium and aluminium as composite ele- 
ments, wherein a matrix is pressed from a powder 
comprising scandium or scandium hydride and a 
powder of the high-melting point metal, whereafter 
the scandium (hydride) powder is partly oxidised, if 
necessary and the assembly is subsequently sin- 
tered and impregnated with a barium-calcium-alu- 
minate. 

7. A method of manufacturing a scandate cathode hav- 
ing a cathode body (1 1 ) which comprises a matrix of 
at least a high-melting point metal and/or alloy with 
a barium compound at least in the matrix in contact 
with the matrix material, which compound can sup- 
ply barium on the emissive surface (21) by a chem- 
ical reaction with the matrix material, at least the top 
layer of the cathode body comprising at least one 
oxidic phase which comprises at least barium, scan- 
dium, calcium and aluminium as composite ele- 
ments, wherein a matrix is pressed from a powder 
comprising scandium nitride and a powder of the 
high-melting point metal, whereafter the assembly 
is sintered and impregnated with a barium-cal- 
cium-aluminate. 

8. A method of manufacturing a scandate cathode hav- 



6 

ing a cathode body (11) which comprises a matrix of 
at least a high-melting point metal and/or alloy with 
a barium compound at least in the matrix in contact 
with the matrix material, which compound can sup- 

5 ply barium on the emissive surface (21 ) by a chem- 
ical reaction with the matrix material, at least the top 
layer of the cathode body comprising at least one 
oxidic phase which comprises at least barium, scan- 
dium, calcium and aluminium as composite ele- 

10 ments, wherein the cathode is obtained by mixing, 
pressing and subsequent sintering of powders of a 
high-melting point metal and/or alloy and scandium 
or scandium hydride or scandium nitride, or a pow- 
der of an oxidic phase comprising scandium, bar- 

is ium, calcium and aluminium together with a barium 
impregnating agent powder. 

9. A method of manufacturing a scandate cathode hav- 
ing a cathode body (1 1 ) which comprises a matrix of 

20 at least a high-melting point metal and/or alloy with 
a barium compound at least in the matrix in contact 
with the matrix material, which compound can sup- 
ply barium on the emissive surface (21 ) by a chem- 
ical reaction with the matrix material, at least the top 

25 layer of the cathode body comprising at least one 
oxidic phase which comprises at least barium, scan- 
dium, calcium and aluminium as composite ele- 
ments, wherein the cathode is obtained by mixing, 
pressing and subsequent sintering of a powder of a 

30 high-melting point metal and/or alloy, together with 
a powder of one or more oxidic phases comprising 
scandium, barium, calcium and aluminium. 



35 Patentanspruche 

1 . Scandatkathode mit einem Kathodenkorper (1 1 ) mit 
einer Matrix aus mindestens einem hochschmelzen- 
den Metall und/oder einer Legierung mit mindestens 

40 in der Matrix, in Kontakt mit dem Mat rixmate rial, 
einer Bariumverbindung, die durch eine chemische 
Reaktion mit dem Matrixmaterial an der emittieren- 
den Oberflache (21) Barium liefern kann, dadurch 
qekennzeichnet , daB wenigstens die Deckschicht 

45 des Kathodenkorpers oxidische Phasen 

(Ba-Ca-AIScO) aufweist, die wenigstens Barium, 
Scandium, Calcium und Aluminium als Zusammen- 
setzungselemente umfassen. 

so 2. Scandatkathode nach Anspruch 1, dadurch 
qekennzeichnet , daB die oxidischen Phasen 
nicht-stochiometrisch mit einem Sauerstoffmangel 
sind. 

55 3. Scandatkathode nach Anspruch 1 Oder 2, dadurch 
Qekennzeichnet , daB die oxidischen Phasen 35-70 
Gew. % Barium enthalten. 
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4. Scandatkathode nach Anspruch 1, 2 oder 3, 
dadurch qekennzeichnet , daft die oxidischen Pha- 
sen 5-40 Gew.%Scandium enthalten. 

5. Scandatkathode nach einem der AnsprGche 1 bis 4, 
dadurch qekennzeichnet , daft die Bariumverbin- 
dung durch Impragnieren in den Kathodenkorper 
eingebracht wird. 

6. Vertahren zum Herstellen einer Scandatkathode mit 
einem Kathodenkorper (11) mit einer Matrix aus 
mindestens einem hochschmelzenden Metall 
und/oder einer Legierung mit mindestens in der 
Matrix, in Kontaktmitdem Matrixmaterial, einer Bari- 
umverbindung, die durch eine chemische Reaktion 
mit dem Matrixmaterial an der emittierenden Ober- 
flache (21) Barium liefern kann, wobei wenigstens 
die Deckschicht des Kathodenkorpers oxidische 
Phasen aufweist, die wenigstens Barium, Scan- 
dium, Calcium und Aluminium als Zusammenset- 
zungselemente umfassen, wobei aus einem Pulver 
mit Scandium oder Scandiumhydrid und einem Pul- 
ver des hochschmelzenden Metalls eine Matrix 
gepreBt wird, wonach das Scandium(hydrid)pulver 
notigenfails teilweise oxidiert und daraufhin das 
Ganze gesintert und mit einem Barium-Calciumalu- 
minat impragniert wird. 

7. Vertahren zum Herstellen einer Scandatkathode mit 
einem Kathodenkorper (11) mit einer Matrix aus 
mindestens einem hochschmelzenden Metall 
und/oder einer Legierung mit mindestens in der 
Matrix, in Kontaktmitdem Matrixmaterial, einer Bari- 
umverbindung, die durch eine chemische Reaktion 
mit dem Matrixmaterial an der emittierenden Ober- 
flache (21) Barium liefern kann, wobei wenigstens 
die Deckschicht des Kathodenkorpers oxidische 
Phasen aufweist, die wenigstens Barium, Scan- 
dium, Calcium und Aluminium als Zusammenset- 
zungselemente umfassen, wobei aus einem Pulver 
mit Scandiumnitrid und einem Pulver des hoch- 
schmelzenden Metalls eine Matrix gepreBt wird, 
wonach das das Ganze gesintert und mit einem 
Barium-Calciumaluminat impragniert wird. 

8. Vertahren zum Herstellen einer Scandatkathode mit 
einem Kathodenkorper (11) mit einer Matrix aus 
mindestens einem hochschmelzenden Metall 
und/oder einer Legierung mit mindestens in der 
Matrix, in Kontaktmitdem Matrixmaterial, einer Bari- 
umverbindung, die durch eine chemische Reaktion 
mit dem Matrixmaterial an der emittierenden Ober- 
flache (21) Barium liefern kann, wobei wenigstens 
die Deckschicht des Kathodenkorpers oxidische 
Phasen aufweist, die wenigstens Barium, Scan- 
dium, Calcium und Aluminium als Zusammenset- 
zungselemente umfassen, wobei die Kathode durch 
Mischung, Pressung und nachfolgende Sinterung 
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von Pulvern eines hochschmelzenden Metalles 
und/oder einer Legierung desselben und von Scan- 
dium, Scandiumnitrid oder Scandiumhydrid, oder 
von einem Pulver einer oxidischen Phase mit Scan- 
s dium, Barium, Calcium und Aluminium zusammen 
mit Pulver eines bariumimpragnierenden Mittels. 

9. Vertahren zum Herstellen einer Scandatkathode mit 
einem Kathodenkorper (11) mit einer Matrix aus 

10 mindestens einem hochschmelzenden Metall 
und/oder einer Legierung mit mindestens in der 
Matrix, in Kontakt mit dem Matrixmaterial, einer Bari- 
umverbindung, die durch eine chemische Reaktion 
mit dem Matrixmaterial an der emittierenden Ober- 

15 flache (21) Barium liefern kann, wobei wenigstens 
die Deckschicht des Kathodenkorpers oxidische 
Phasen aufweist, die wenigstens Barium, Scan- 
dium, Calcium und Aluminium als Zusammenset- 
zungselemente umfassen, wobei die Kathode durch 

20 Mischung, Pressung und nachfolgende Sinterung 
eines Pulvers eines hochschmelzenden Metalles 
und/oder einer Legierung zusammen mit einem Pul- 
ver einer oder mehrerer oxidischer Phasen mit 
Scandium, Barium, Calcium und Aluminium erhal- 

25 ten wird. 



Revendications 

30 1. Cathode a scandate comportant un corps de 
cathode (11) qui comprend une matrice d'au moins 
un metal et/ou alliage a haut point de fusion avec un 
compose du baryum au moins dans la matrice en 
contact avec la matiere de matrice, lequel compose 

35 peut apporter du baryum a la surface Emissive (21) 
par une reaction chimique avec la matiere de 
matrice, caracterisee en ce qu'au moins la couche 
sup6rieure du corps de cathode comprend des pha- 
ses d'oxyde (Ba-Ca-AIScO) qui comprennent au 

40 moins du baryum, du scandium, du calcium et de 
Paluminium comme des elements composites. 

2. Cathode a scandate suivant la revendication 1, 
caracterisee en ce que les phases d'oxyde sont non 

45 stoechiometriques avec une d6ficience en oxygene. 

3. Cathode a scandate suivant la revendication 1 ou 2, 
caract6risee en ce que les phases d'oxyde com- 
prennent 35 a 75% en poids de baryum. 

so 

4. Cathode a scandate suivant la revendication 1 , 2 ou 
3, caracterisee en ce que les phases d'oxyde com- 
prennent 5 a 40% en poids de scandium. 

55 5. Cathode a scandate suivant Tune quelconque des 
revendications 1 a 4, caracterisee en ce que le com- 
pose du baryum est introduit dans ie corps de 
cathode par voie d'impregnation. 
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6. Procede pour fabriquer une cathode k scandate (1 1 ) 
qui comprend une matrice cfau moins un m&al et/ou 
alliage k haut point de fusion avec un compost du 
baryum au moins dans ta matrice en contact avec 
la matiere de matrice, lequel compose peut apporter 
du baryum k la surface emissive (21 ) par une reac- 
tion chimique avec la matiere de matrice, au moins 
la couche superieure du corps de cathode compre- 
nant des phases cfoxyde qui comprennent au moins 
du baryum, du scandium, du calcium et de I'alumi- 
nium comme des elements composites, dans lequel 
une matrice est pressee k partir d'une poudre com- 
prenant du scandium ou de Phydrure de scandium 
et cfune poudre du metal k haut point de fusion, 
apres quoi la poudre de scandium (hydrure) est par- 
tiellement oxyd6e si n6cessaire et Pensemble est 
ensuite fritte et impregne cfun aluminate de 
baryum-calcium. 
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alliage k haut point de fusion avec un compose du 
baryum au moins dans la matrice en contact avec 
la matiere de matrice, lequel compose peut apporter 
du baryum k la surface emissive (21) par une reac- 
tion chimique avec la matiere de matrice, au moins 
la couche superieure du corps de cathode compre- 
nant des phases d'oxyde qui comprennent au moins 
du baryum, du scandium, du calcium et de Palumi- 
nium comme des elements composites, dans lequel 
la cathode est obtenue en melangeant, en pressant 
et ensuite en frittant une poudre d'un m6tal et/ou 
alliage k haut point de fusion conjointement avec 
une poudre d'une ou plusieurs phases d'oxyde com- 
prenant du scandium, du baryum, du calcium et de 
I'aluminium. 



7. Precede pour fabriquer une cathode k scandate (11) 20 
qui comprend une matrice d'au moins un metal et/ou 
alliage k haut point de fusion avec un compost du 
baryum au moins dans la matrice en contact avec 
la matiere de matrice, lequel compose peut apporter 
du baryum k la surface Emissive (21 ) par une reac- 2s 
tion chimique avec la matiere de matrice, au moins 
la couche superieure du corps de cathode compre- 
nant des phases cfoxyde qui comprennent au moins 
du baryum, du scandium, du calcium et de I'alumi- 
nium comme des elements composites, dans lequel 30 
une matrice est pressee & partir d'une poudre com- 
prenant du nitrure de scandium et une poudre du 
metal k haut point de fusion, apres quoi ('ensemble 
est fritt6 et impr6gn6 d'un aluminate de baryum-cal- 
cium. 35 



8. Precede pour fabriquer une cathode k scandate (1 1 ) 
qui comprend une matrice d'au moins un melal et/ou 
alliage k haut point de fusion avec un compose du 
baryum au moins dans la matrice en contact avec 40 
la matiere de matrice, lequel compose peut apporter 
du baryum k la surface emissive (21) par une reac- 
tion chimique avec la matiere de matrice, au moins 
la couche sup6rieure du corps de cathode compre- 
nant des phases cfoxyde qui comprennent au moins 45 
du baryum, du scandium, du calcium et de ('alumi- 
nium comme des elements composites, dans lequel 
ia cathode est obtenue en melangeant et en pres- 
sant et frittant ensuite des poudres d'un mdtal et/ou 
alliage k haut point de fusion et de scandium ou so 
d'hydrure de scandium ou de nitrure de scandium 
ou une poudre d'une phase d'oxyde comprenant du 
scandium, du baryum, du calcium et de I'aluminium 
conjointement avec une poudre d'agent d'impregna- 
tion de baryum. 55 



9. Precede pour fabriquer une cathode k scandate (11) 
qui comprend une matrice d'au moins un mdtal et/ou 
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